Background: Several authors have questioned the accuracy of fine-needle aspiration cytology (FNAC) in large nodules. Some surgeons recommend thyroidectomy for nodules ≥4 cm even in the setting of benign FNAC, due to increased risk of malignancy and increased false negative rates in large thyroid nodules. The goal of our study was to evaluate if thyroid nodule size is associated with risk of malignancy, and to evaluate the false negative rate of FNAC for thyroid nodules ≥4 cm in our patient population. Methods: This is a retrospective study of 85 patients with 101 thyroid nodules, who underwent thyroidectomy for thyroid nodules measuring ≥4 cm. Results: The overall risk of malignancy in nodules ≥4 cm was 9.9%. Nodule size was not associated with risk of malignancy (odds ratio, 1.02) after adjusting for nodule consistency, age, and sex (P=0.6). The false negative rate for FNAC was 0%. Conclusion: Nodule size was not associated with risk of malignancy in nodules ≥4 cm in our patient population. FNAC had a false negative rate of 0. Patients with thyroid nodules ≥4 cm and benign cytology should not automatically undergo thyroidectomy.
INTRODUCTION
Thyroid nodules are very common, with an estimated prevalence of 1% to 5% for palpable nodules [1] [2] [3] . This prevalence is higher when considering nodules detected on imaging [4] . The incidence of thyroid malignancy is rising [5] . Thyroid cancer occurs in 5% to 15% of thyroid nodules [1, 6] .
Fine-needle aspiration biopsy (FNAB) is the most reliable diagnostic tool for detecting malignancy in thyroid nodules, with sensitivity and specificity >90% [1, [7] [8] [9] . The false negative rate for thyroid FNAB is low. The expected incidence of malignancy in cytologically benign nodules is 0% to 3% according to the Bethesda system for reporting thyroid cytopathology [10, 11] . However, several authors have questioned the accuracy of fineneedle aspiration cytology (FNAC) in large nodules. Some surgeons recommend thyroidectomy for nodules ≥4 cm even in the setting of benign FNAC, due to increased risk of malignancy and increased false negative rates in large thyroid nodules [12] [13] [14] [15] . Even more aggressive surgeons use a threshold of 3 cm [16] . This increase in false negative rates with large thyroid nodules is thought to be due to sampling error. On the other hand, several authors have demonstrated low false negative rates in large thyroid nodules, similar to those in small thyroid nodules [17] [18] [19] [20] [21] .
It is our standard practice to offer thyroidectomy to patients with thyroid nodules measuring 4 cm or larger. The goals of our study were to evaluate the false negative rate of FNAC for thyroid nodules ≥4 cm in our patient population, and to evaluate if
METHODS
This study was approved by the Icahn School of Medicine at Mount Sinai Institutional Review Board. Data were extracted from patients' charts. The study cohort included patients from our Otolaryngology, Head and Neck Surgery Department, who underwent thyroidectomy from August 2011 through September 2015 for thyroid nodules measuring ≥4 cm. It is our standard practice to offer thyroidectomy to patients with thyroid nodules measuring ≥4 cm. Patients were included if they had preoperative thyroid ultrasound demonstrating a nodule measuring ≥4 cm in at least one lobe. There was no age restriction for inclusion in the study. Data collection was performed by the author and an assistant. Patients without preoperative ultrasounds were excluded. Information on nodule size, texture (solid, complex, or cystic), and laterality was obtained from ultrasound reports. Nodule texture was determined at the discretion of the reading radiologist. Nodule texture was described as solid, cystic, or complex (containing both solid and cystic components). Nodule size was recorded as the largest of the three dimensions: length, width, and depth.
Information was obtained on whether FNAB was performed. Thyroid FNAB is performed by endocrinologists under ultrasound guidance in our institution. Cytology results were recorded for the nodules in question according to the Bethesda system: nondiagnostic (category 1), benign (category 2), atypia of undetermined significance (AUS)/follicular lesion of undetermined significance (FLUS) (category 3), suspicious for follicular neoplasm/follicular neoplasm (category 4), suspicious for malignant disease (category 5), and malignant (category 6) [10] . In situations where discrepant cytology results were obtained from the same nodule, final cytology was taken as the more high-risk result.
Thyroidectomy was performed by the senior author (U.C.M.) in all patients. All specimen were submitted to pathology for permanent section with sutures identifying laterality. Information on final pathological diagnosis was obtained from the surgical pathology reports. Final diagnoses were classified as benign, papillary thyroid carcinoma, follicular thyroid carcinoma, medullary thyroid carcinoma, and other malignancy. Papillary thyroid cancer was further sub-classified as classical, follicular variant, or tall cell variant. Final results were determined by comparing nodule size and laterality from pathology reports to the thyroid ultrasound and FNAC reports. Final pathology was classified as benign if there was incidental microcarcinoma identified outside of the nodule of interest, as long as the nodule of interest was benign. Data were also collected on demographic and clinical factors such as age and sex.
IBM SPSS version 20 (IBM Co., Armonk, NY, USA) was used for statistical analysis. Pearson chi-square was used to evaluate the impact of Bethesda category, sex, and age on the risk of malignancy. Independent sample t test was used to compare means for continuous variables (age and nodule size). Logistic regression was used for multivariable analysis. Nodule size, nodule consistency, age, and sex were entered a priori into the model. P<0.05 was considered statistically significant. NCSS statistical software (Number Cruncher Statistical Systems, Kaysville, UT, USA) was used to analyze diagnostic characteristics of FNAC. Nodules with nondiagnostic cytology were excluded when calculating sensitivity, specificity, and false negative rates. Nodules with benign FNAC were classified as negative. All other sufficient FNA results were classified as positive. Post -test odds were calculated by multiplying the likelihood ratio (LR) with the pre-test odds of malignancy (the odds of malignancy in a thyroid nodule ≥4 cm) [22] . LR is the likelihood of a particular FNAC result in a nodule with malignancy compared with the likelihood of the same result in a nodule without malignancy.
RESULTS

Patient and nodule characteristics
Chart review identified a total of 85 patients with 101 thyroid nodules meeting the inclusion criteria. Seventy-two patients (84.7%) were female. The mean age was 55 (95% confidence interval [CI], 52.3 to 57.6). Patient ages ranged from 23 to 76, with a median age of 55. Fifty-four patients underwent total thyroidectomy, 27 underwent hemithyroidectomy, and four underwent completion thyroidectomy. Fifteen patients (17.6%) had thyroid cancer on final pathology (including incidental microcarcinomas).
Forty-nine nodules (48.5%) were located in the left lobe, 51 (50.5%) in the right lobe, and one in the isthmus. The mean nodule size was 53.6 mm (95% CI, 51.6 to 55.6). The median nodule size was 52 mm (range, 40 to 90). Information on nodule consistency was available for 94 nodules. Of these, 40 nodules (42.6%) were solid, 53 (56.4%) were complex, and one was cystic. FNAB was performed on 90 patients (89.1%). The distribution of the FNAC was 7.8% nondiagnostic (category 1), On final pathology, 10 nodules (9.9%) were malignant. Of the malignant nodules, the most common histologic type was papillary thyroid cancer, accounting for 70% of malignancies. There were seven cases of papillary thyroid cancer of the following subtypes: two classical, and five follicular variant. There were two cases of follicular thyroid cancer, and one case of anaplastic thyroid cancer. The FNA cytology results for these malignant nodules are shown in Table 1 . Fifteen incidental malignancies were identified on final pathology: eight in the same lobe as the nodule of interest, and seven in the contralateral lobe.
Risk of malignancy
After excluding the cystic nodule, the overall risk of malignancy in nodules ≥4 cm was 10%. When including incidental malignancy within the same lobe, the risk of malignancy was 16%. The risk of malignancy for patients who did not undergo FNAB was 9.1%. The mean nodule size was 54.8 mm for malignant nodules and 53.5 mm for benign nodules. The difference was not statistically significant (mean difference, 1.3 mm; 95% CI, -5.5 to 8.1; P=0.7). The mean age was 53 years for patients with malignant nodules and 55.2 years for patients with benign nodules. The difference was not statistically significant (mean difference, -2.2 years; 95% CI, -10.2 to 5.8; P=0.6). The results of univariable analysis of the impact of Bethesda class, nodule consistency, and sex on risk of malignancy are shown in Table 2 . The risk of malignancy was 0% for classes 1 and 2, and increased with increasing Bethesda diagnostic category thereafter (P<0.001). Nodule consistency and sex had no impact on risk of malignancy. The results of multivariable analysis are shown in Table 3 . Nodule size was not associated with risk of malignancy (odds ratio [OR], 1.02) after adjusting for nodule consistency, age, and sex.
Diagnostic characteristics of FNA cytology for nodules ≥4 cm FNAC had a sensitivity of 100% (95% CI, 70% to 100%), and a specificity of 84% (95% CI, 74% to 90%) in our cohort. The positive predictive value was 43% (95% CI, 25% to 64%), and the negative predictive value (NPV) was 100% (95% CI, 94% 
DISCUSSION
The results of our study show that nodule size was not associated with risk of malignancy in nodules ≥4 cm in our patient population. Furthermore, FNA cytology had a false negative rate of 0%, a sensitivity of 100%, and a NPV of 100%. This suggests that the diagnostic accuracy of FNA cytology is not limited by large nodule size. Our findings are similar to those of several other studies. Raj et al. [17] evaluated the prevalence of thyroid cancer in 223 patients who underwent thyroidectomy for thyroid nodules 4 cm or larger. Sixteen patients (7.2%) had malignancy on final pathology. There was no association between nodule size and malignancy rate. Similar to our study, FNAC had a low false negative rate of 0.85%. Mehanna et al. [18] evaluated the impact of large nodule size and follicular variant of papillary thyroid cancer on FNA false negative rates. The study included 569 thyroid nodules, 262 of which were subjected to thyroidectomy. When all nodules (surgical and nonsurgical) were included in the analysis, nodules ≥3 cm were significantly more likely to be malignant. However, among nodules that were subjected to thyroidectomy, there was no difference in size between benign and malignant nodules. The false negative rates were 10.9% for nodules ≥3 cm, and 6.1% for nodules <3 cm, but this difference was not statistically significant. Of note, the false negative rate in this study was higher than the expected 0% to 3% according to the Bethesda system for reporting thyroid cytopathology [10, 11] . Another retrospective study of 1,068 patients, who underwent thyroidectomy, investigated the impact of nodule size on accuracy of FNAC [19] . This included 75 patients with nodules ≥4 cm. The overall false negative rate was 13%. The false negative rate for nodules ≥4 cm was 15%. There was no significant difference in false negative rates between nodules ≥4 cm and nodules <4 cm. Similar to the study by Mehanna et al. [18] , the false negative rate in this study was higher than the expected 0% to 3%.
Shrestha et al. [20] performed a retrospective study of 540 patients with 695 nodules, who underwent FNAB and subsequent thyroid surgery. There was no set size criteria for surgical referral. The overall malignancy rate was 18.6%, and did not vary significantly based on size. The overall false negative rate was 7%, and did not differ significantly according to size. The authors noted that the accuracy of FNAC increased with increasing nodule size. Similarly, Magister et al. [21] performed a retrospective study of 297 patients with 326 thyroid nodules, who underwent FNAB and subsequent thyroidectomy. The overall rate of malignancy on final pathology was 43.9%. The false negative rate was 6% for all nodules combined, and 3.8% for nodules 3 cm or greater. They found that smaller nodules had higher probability of malignancy. The finding of increased risk of malignancy and decreased diagnostic accuracy in smaller nodules in these studies could be due to selection bias. The studies included nodules of all sizes, with no set size criteria for recommending surgery. Consequently, the smaller nodules included in the study may have undergone thyroidectomy due to the presence of unmeasured risk factors for malignancy.
On the other hand, several studies have demonstrated increased risk of malignancy and increased false negative rates in large thyroid nodules. In a prospective study of 571 patients, who underwent thyroidectomy, Kuru et al. [12] found that nodule size ≥4 cm was associated with increased risk of malignancy compared with nodule size <4 cm. However, no difference in risk of malignancy was noted when a cut-off of 3 cm was used. Giles et al. [16] evaluated the accuracy of benign FNAC in patients who underwent surgery for nodules 3 cm or larger. The patient cohort included patients with thyroid nodules measuring 3 cm or larger, with benign FNAC. Additional nodules measuring <3 cm within the specimen, with benign cytology, were identified for comparison. Two-hundred and forty nodules measuring 3 cm or larger were compared with 83 nodules measuring <3 cm. The false negative rates were significantly higher for nodules measuring 3 cm or larger (4.8% for nodules <3 cm, 12.8% for nodules 3 to 3.9 cm, and 11% for nodules 4 cm or larger). The authors recommended that thyroidectomy should be considered for nodule ≥3 cm regardless of FNA cytology. Kim et al. [13] performed a retrospective study of 263 patients, who underwent thyroidectomy for nodules ≥4 cm. A significant proportion of the nodules (58.6%) were malignant on final histopathology. They noted a high false negative rate of 11.9%. Another study of 155 patients, who underwent thyroidectomy for thyroid nodules 4 cm or larger, found that 7.7% of nodules reported as benign on FNAB were found to be malignant on final pathology [14] . Contrary to our study, the risk of malignancy in their study was 27.3% among patients with nondiagnostic FNA cytology. Similar to our study, no differences in nodule size were noted between benign and malignant nodules. The authors recommended diagnostic thyroid lobectomy for nodules 4 cm or larger due to the high false negative rate of FNAC. A re-
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Copyright © 2017 Korean Endocrine Society www.e-enm.org 81 cent prospective study of 361 patients with 382 nodules ≥4 cm identified clinically significant thyroid cancer (defined by the authors as ≥1 cm, or associated with lymph node metastasis) in 22% of the nodules [15] . The authors also noted a high false negative rate of 10.4% for FNAC.
In an attempt to resolve the inconsistencies in the literature, Shin et al. [23] performed a systematic review to determine if thyroid nodule size >3 to 4 cm was associated with increased prevalence of thyroid cancer, and worse diagnostic accuracy. The review included 15 studies, including 13,180 participants. The majority of the studies showed higher prevalence of malignancy in larger nodules compared with smaller nodules. All seven studies that reported on diagnostic accuracy showed higher false negative rates, and lower sensitivity for larger nodules. Few studies reported on post -test odds or probabilities of malignancy. All five articles that reported on post -test odds or probability of malignancy showed that the post -test probability of malignancy in cytologically benign nodules was higher for nodules larger than 3 to 4 cm compared with smaller nodules. Benign FNAC had a post -test probability of malignancy of 0.8% to 3.6%, and nondiagnostic FNAC had a post -test probability of 16.7% to 27.3%. In contrast, our study showed a post -test probability of 0% for benign FNAC in patients with thyroid ≥4 cm.
The discrepancy in the risk of malignancy and accuracy of FNAC reported in the literature for large thyroid nodules may be due to variability in sampling and interpretation of cytopathologic findings. The accuracy of FNAC depends on adequate sampling and correct interpretation. Furthermore, the post -test probability of malignancy is significantly influenced by the overall prevalence of malignancy in the population, which varies among institutions. These factors need to be accounted for when counseling patients about the need for thyroidectomy for large nodules.
We limited our analysis to thyroid nodules measuring ≥4 cm. This reduces selection bias because it was our standard practice to offer thyroidectomy for this subset of patients regardless of FNAC results. Including patients with smaller nodules would increase the risk of selection bias because these patients are more likely to have other risk factors influencing the decision to undergo thyroidectomy. We excluded FNA cytology in our logistic regression model evaluating the impact of nodule and patient factors on risk of malignancy because FNA cytology had a false negative rate of 0% in our study. Consequently, an OR could not be calculated for the logistic regression due to "complete separation" of patients with malignancy from those with benign pathology based on FNA cytology [24] .
The main strength of our study lies in the systematic collection and analysis of data. Our study is primarily limited by its retrospective nature. Also, this represents our experience at a single institution, which may not be generalizable to other institutions. Finally, in spite of standardized reporting of cytopathology results, it is impossible to completely eliminate variability in interpretation and reporting of cytopathology results.
In conclusion, nodule size was not associated with risk of malignancy in nodules ≥4 cm in our patient population. Furthermore, FNAC had a false negative rate of 0%, a NPV of 100%, and a post -test probability of malignancy of 0% for nodules ≥4 cm with benign FNAC at our institution. These findings suggest that patients with thyroid nodules ≥4 cm and benign FNAC should not automatically undergo thyroidectomy. FNAC as well as the presence of symptoms are important factors to consider when recommending thyroidectomy for these patients. Selection of the appropriated treatment option (thyroidectomy vs. observation) should involve shared decision making between the patient and the healthcare provider. The overall accuracy of FNAC at the particular facility, and the prevalence of malignancy in the population need to be considered.
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